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Scientists decry
killings of
secularists

Indian academy members
condemn intolerance.

BY T. V. PADMA

religious intolerance and the killings of

three noted advocates of rational thinking.
The actions are unusual in a country where sci-
entists rarely comment on political issues, says
physicist Shri Krishna Joshi, a member of India’s
Inter-Academy Panel on Ethics in Science.

Anti-superstition activist Narendra
Dabholkar was killed in 2013, communist
politician Govind Pansare in February this year
and literature scholar Malleshappa Kalburgi in
August. All three deaths have been blamed on
members of extreme right-wing Hindu groups.

On 22 October, scientists launched an
online petition to India’s president, Pranab
Mukherjee, protesting against the killings. “The
government has failed to check or discourage
the anti-rational environment,” says petition
signatory Naresh Dadhich, a physicist at the
Inter-University Centre for Astronomy and
Astrophysics in Pune, India.

The petition was followed on 27 October by
a statement from the Inter- Academy Panel on
Ethics in Science, set up by the Indian National
Science Academy in New Delhi; the Indian
Academy of Sciences, Bangalore; and the
National Academy of Sciences in Allahabad.
The Indian constitution mandates that “its citi-
zens abide by and uphold reason and scientific
temper”, the statement said. Several statements
and actions “run counter to this constitutional
requirement,” it notes.

Indira Nath, a member of the panel and an
immunologist at the Indian National Science
Academy, says that the panel wants to “bring
back rationality and scientific thinking to the
mainstream”

Also last week, more than 100 scientists
from leading Indian institutes, including
national award winners, three fellows of the
Royal Society in London, and a foreign asso-
ciate of the US National Academy of Sciences,
signed a second statement expressing deep
concern over the “climate of intolerance”

Pushpa Mittra Bhargava, former director
of the Centre for Cellular and Molecular Biol-
ogy in Hyderabad, says that he plans to return
anational award in protest. “Science is about
reason and rationality. If three rationalists can
be killed, scientists too can be killed.” m

Indian scientists are voicing concerns over

CRYSTAL CHALLENGE

The 3D structure that a molecule adopts in a crystal is very difficult
to predict — but defines what properties the molecule has.

The structural formula of
a molecule reveals which
atoms are connected at a
2D level.

CHEMISTRY

Chemists are making progress at
predicting how complex molecules
will assemble in 3D space — there
are millions of possibilities.

The 3D orientation repeats in a
crystalline lattice with a structure that
dictates the molecule’s mechanical,
chemical and physical properties.

Software predicts
crystal structures

Chemists have succeeded at a fiendish task — forecasting
how complex molecules will assemble in 3D.

BY ELIZABETH GIBNEY

ecule on a napkin and it may not be

apparent that there are millions of possi-
ble ways that it could assemble asa 3D crystal.
Now, a collaboration of dozens of chemists
and computer programmers has successfully
predicted the crystal structure of five, com-
plex, ‘drug-like’ organic molecules — using
nothing but a 2D map showing which atoms
connect to which.

The achievement, announced on 27 Octo-
ber at a workshop in Cambridge, UK, paves
the way for software that would cut the cost
of the design and manufacture of drugs and
other chemical products, as well as further
our understanding of fundamental chemistry.

A molecule’s crystal structure determines
its properties (see ‘Crystal challenge’). In
1998, the US pharmaceutical firm Abbott
Laboratories learned this the hard way when
ithad to pull production of the capsule form
of the HIV treatment ritonavir because the
drug had started switching to an unexpected
structure during manufacture. The crystal
structure that a molecule adopts is generally
the one with the lowest energy, but predict-
ing what this is for any particular molecule
is “fiendishly difficult”, says Colin Groom,
executive director of the Cambridge Crystal-
lographic Data Centre (CCDC).

E ; ketch the structure of an organic mol-
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Even when chemists know which atoms
are connected to which, the atoms can still be
in different orientations because the bonds
that connect them can bend and rotate in
myriad ways. There are also multiple options
for how molecules can pack together. “It is
like looking for a needle in an unimaginably
big haystack,” says Anthony Reilly, a struc-
tural chemist at the CCDC.

Since 1999, the CCDC has organized
six challenges known as the Blind Test of
Organic Crystal Structure Prediction Meth-
ods. Rather than a contest, organizers see the
challenge as a large collaborative attempt to
compare the strengths of the latest tech-
niques. “The groups participating represent
pretty much the entire crystal-structure pre-
diction community, and the methods used
are the very best developed,” says Groom.

The challenge typically takes place over
a year, and sets two major problems. First,
teams must come up with a list of all pos-
sible arrangements in which the molecules
could form a crystal. Some teams do a rough
calculation of the energy of each to whittle
down the list, burning up hundreds of thou-
sands of hours of computing time; others
start with pure guesses and iteratively ‘breed’
the most stable to derive possible candidates
more quickly. In the second stage, teams
take the shortlists — sometimes assembled
by a different group — and do more-precise



calculations of the energy of each, producing
a ranking of the candidates.

The latest challenge, which included a
record 25 teams — ten more than the pre-
vious contest in 2010 — brought a “massive
improvement’, says Groom. The molecules
selected were “nasty, real-life systems” of the
size and complexity to be interesting to drug
companies. Previous challenges had included
molecules that were flexible or made from
multiple parts. This year’s challenge combined
such features in the same molecules and for
one target, asked participants to predict not
just one stable structure, but all its many stable
forms, known as polymorphs.

PROBLEM SOLVED
The teams rose to the challenge: at the
Cambridge workshop, the CCDC announced
that each of the five targets, and their poly-
morphs, appeared in at least one of the short-
lists produced by the various methods. A paper
with the full results will be published in a spe-
cial issue of Acta Crystallographica Section B.
Moreover, one team, led by Marcus
Neumann at the German company Avant-
garde Materials Simulation in Freiburg,
included the correct solution in each of its
shortlists. Had the team combined its efforts
with those of a group — led by theoretical
chemist Alexandre Tkatchenko at the Fritz

Haber Institute in Berlin — that got a perfect
score in the ranking phase, the two would
together have achieved a perfect score for both
rounds and across all targets. Such a result
has never occurred in the history of the con-
test. “With what you have seen from me, and

what you have seen

“Wehavefinally  from Tkatchenko,”
kicked the says Neumann, “it is
user out of the fair to claim that to

equation.” a large extent, this
blind test has shown
that the problem of organic crystal structure
prediction has been solved”

More so than in previous blind tests, teams
including both Neumann’s and Tkatchenko’s
took into account how quantum mechanical
interactions would contribute to the energy
of structures. In particular, Tkatchenko used
amethod published just last year that encom-
passed these interactions over longer ranges than
has been done previously. And Neumann says
that his program was unique because it made
every decision by itself; most others required
human decisions once the computer had
returned its calculations. “We have finally kicked
the user out of the equation,” Neumann says.

Although others agree that the joint feat is
amilestone, they stop short of declaring the
problem of crystal structure prediction solved.
“This does not mean that they would have
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cracked the problem of predicting all organic
crystal structures,” says Sally Price, a theoreti-
cal chemist at University College London.

And some are frustrated that Neumann has
refused to release his computer code: “The
day I have a pension plan, I will talk about
this freely,” he told the workshop. That will
make it hard for others to build on his team’s
breakthrough. “We don’t really have a sense
of how it works,” says challenge participant
Claire Adjiman, a chemical engineer at Impe-
rial College London. “But I understand why he
doesn’t tell us more”

Tkatchenko and Neumann now plan to
work together. “My own interest is to under-
stand polymorphism and be able to offer tools
to people,” says Tkatchenko. “His interest is
more commercial, but ’'m sure we can find
the middle ground?”

Both Price and Neumann, meanwhile,
are already working with industry on how
to use their prediction calculations in drug
development. m

CORRECTION

The News story ‘Vaccine gets cautious
boost’ (Nature 526,617-618; 2015)
incorrectly stated that David Kaslow was
involved in the early development of RTS,S.
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